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Abstract 
In this paper, the influence of construction details on the overall thermal insulation and energy demand in Belgian houses is 
examined. The research was carried out for 12 archetypal Belgian single family houses. For each house, nine typical construction 
details were selected. The Flemish EPBD method was used for an energy performance simulation before and after refurbishment. 
It can be concluded from this research that window joints refurbishment has a bigger impact than any other joint refurbishment. 
Another observation is that that the reduction of energy consumption due to refurbishment of construction joints is not linked to 
joint length. 
© 2016 The Authors. Published by Elsevier Ltd. 
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Nomenclature 
ai weighting factor correcting for surface i adjacent to the ground or unheated spaces  
Ai area of the surface i 
AT total area of heat loss surface 
C compactness 
D Detached 
DS Door Sill joint 
EAP Energy Advice Procedure 
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EPC Energy Performance Certificate 
FC Façade – Cellar joint 
FF Façade – storey Floor joint 
FG Façade – Ground floor joint 
kS mean heat transfer coefficient 
K K-level (Global insulation measure) 
Li length of linear construction detail i 
NED Net Energy Demand for heating 
N-RJ Refurbished situation with non-refurbished joints 
RD Rake Verge joint 
RE Roof Eaves joint 
RJ Refurbished situation with refurbished joints  
SD Semi-Detached 
StDv Standard Deviation 
T Terraced 
Ui heat transfer coefficient of the surface i according to NBN B62-301 
V protected volume 
WL Window Lintel joint 
WP Window Post joints  
WS Window Sill joint 
Fi thermal transmittance coefficient for point construction detail i 
\i thermal transmittance coefficient for linear construction detail i 
1. Introduction 
The influence of our buildings on climate change is considerable. Numerous studies showed that 40% of European 
CO2-emissions and energy consumption can be linked to our buildings . [1], [2] Reducing the environmental impact  
and energy consumption of buildings cannot be solely achieved by regulating new buildings. Interventions on existing 
buildings by means of renovation are also necessary. Since more than 80% of Flemish buildings was built before 
1990, there is still a lot of potential for improvement. [3]. 
A method often used to assess refurbishment potential and strategy is the use of an envelope parts typology. Cuerda 
et al. [4] developed 8 façade typologies and 5 renovation typologies for Spanish buildings to assess potential energy 
savings through renovation. Dascalaki et al. [5] in turn used a typological approach to assess the energy performance 
of residential buildings in Greece. In [6], building typologies were used as a first step to develop standard prefabricated 
modules for retrofitting multi-family homes. In [7], the Institut Wohnen un Umwelt employed a typological approach 
to assess energy savings potential for German buildings. As outcome from the European TABULA-project [8], a 
standard framework for European building typology definition and energy assessment  was developed. In all of these 
projects, only typologies for planar envelope sections were employed. However, typologies for construction details in 
existing buildings are still lacking. [7], [9], [10] 
Nevertheless, other research has shown that the influence of construction joints on the energy performance of 
buildings is considerable. Lahmidi and Leguillon [11] demonstrated in a French house that breaking thermal bridges  
can provides a primary energy saving of more than 7%, to up to more than 15% when combined with other measures. 
In Belgium, the SENVIVV-study [12] proved that thermal bridges can account for 10% in global thermal insulation 
in Belgian houses between 1990 and 1996. In [13], Erhorn-Kluttig and Erhorn provide an overview of several studies 
where typologies are used to calculate energy savings  [13]. It is reasonable to assume that, due to stability and 
accessibility restrictions during refurbishment, it is not possible to achieve the energy performance of newly  
constructed details through renovation. How much the energy performan ce can be improved through refurbishment is 
still unknown. 
This refurbishment cannot only provide solutions for improving energy performance, but also for other local 
problems such as draft, moisture and mold. [14]. A correct assessment of the energy impact of thermal bridge 
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refurbishment can be used, in combination with existing building stock models , to project future energy consumption 
and assess the effectiveness of refurbishment measures. Similar perspectives are expressed in the Episcope project 
[15] and Build Up Thermal Bridges forum [16]. 
This paper identifies priorities for refurbishing construction details in Belgian houses. For this purpose, a 
construction detail typology was developed first. This typology was used to assess the energy savings potential and 
relative importance of retrofitting each construction detail for 12 archetypal Belgian houses. 
In section 2 of this paper, the research method is explained, as well as the energy simulation method and data 
sources. In section 3, the construction joint typology and corresponding refurbishment strategies are established. 
Section 4 presents the results of the energy simulation. The paper is finalized in section 5 with conclusion and further 
research perspectives. 
2. Research Methodology 
2.1. Research setup 
The archetypal Belgian houses used in this research originate from the Belgian housing typology developed for the 
TABULA-research project. [8] The houses in this project are split into several age groups. Only the four age groups 
pre 2005 were studied (pre 1946, 46-70, 71-90, 91-05). Later houses were not included because of their limited  
renovation frequency. Furthermore, the houses were split into three housing configurations (detached, semi-detached, 
terraced). The geometrical data of the houses in this TABULA housing typology was based on statistical processing 
of approximately 11000 Belgian houses in the Energy Advice Procedure (EAP) and Energy Performance Certificate 
(EPC) databases. The roof, floor, façade, window and door surface areas, as well as protected volume and gross floor 
surface were averaged. A distinction was made between surfaces bordering outside, ground or unheated indoor spaces.  
Because of the large number of houses, these data can be assumed representative for the Belgian housing stock. 
An algorithm was developed to derive the dimensions of the archetypal houses based on the reported surface areas. 
From these dimensions, the lengths of all studied linear construction joints were calculated (more info in 2.3). 
The development of the construction joint typology was based on textbooks, from which nine typical construction 
joints for each age period were selected, see Fig. 1: 
x 4 window & door joints: window sill (WS), posts (WP) & lintel (WL), door sill (DS) 
x 3 façade joints: façade – cellar joint (FC), façade – ground floor joint (FG), façade – storey floor joint (FF) 
x 2 roof joints: roof eaves (RE), roof verge (RV) 
 
Fig. 1: Location of studied construction joints 
For each of the archetypal houses, a model was made according to the Flemish Energy Performance of Buildings  
(EPBD) energy performance evaluation method. The EPB 6.5.1. software [17] was used for building the models. 
Then, for each housing type, a refurbishment strategy was developed to comply with the Flemish EPB2016 demands. 
This allowed for two possible scenarios. In the firs t one, the planar envelope parts were refurbished without 
intervention on the construction joints. In the second one, the joints were refurbished as well. The effect of the 
construction joints was taken into account via their respective linear thermal tran smittance coefficient \. The \-values 
were calculated using the THERM 7.3 software [18] according to NBN EN ISO 10221:2007. [19] 
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2.2. EPBD energy performance evaluation method 
The Flemish EPBD evaluation method [20] was used to assess the influence of the construction joints on the energy 
performance of the entire building. This method uses a fixed inside temperature of 23°C for calculating cooling load 
and 18°C for other calculations, and typical monthly outside temperatures to represent the Belgian Cfd Köppen -Geiger 
climate [21]. Two of the resulting parameters from this method were used in this research to assess impact on energy 
performance: K-level and net energy demand. 
The K-level is an indication of the level of global thermal insulation of the building. It is determined from the mean  
heat transmittance coefficient (kS), calculated according to Eq. ( 1 ), and the compactness of the building, defined by 
Eq. ( 2 ). The linear construction joints examined in this paper can influence the calculated K-level through their length 
and their thermal transmittance coefficient. 
From ks and C parameters, the K-level is determined using Eq. ( 3 ): 
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( 3 ) 
The maximum allowed K-level for new buildings constructed in 2016 is K40, coming from K65 in 1992, when K-
level was introduced, and dropping by 5 points every few years . 
The fact that K-level depends on compactness of the building can be seen as a problem. The archetypal buildings 
don’t all have the exact same compactness, complicating comparing K-level between them. For this reason, another 
variable was studied: the net energy demand for heating (NED). NED is more directly linked to energy consumption, 
which also makes it a valuable variable to take into account. K-level cannot be pushed aside completely though, 
because it still provides the most direct link to thermal insulation, which can be impacted directly by construction 
joints. The NED is calculated by Eq. ( 4 ) and is influenced by construction details via both final energy consumption 
terms, which depend on the average heat transfer coefficient of the building skin, which is in term influenced by 
thermal bridging effects in construction joints. 
 ܧ௣ ǡ௛௘௔௧ǡ௠ ൌ෍ ௣݂ ή ܳ௛௘௔௧ǡ௙௜௡௔௟ǡ௦௘௖௜ ǡ௠ǡ௣௥௘௙ ൅ ௣݂ ή ܳ௛௘௔௧ǡ௙௜௡௔௟ǡ௦௘௖௜ ǡ௠ǡ௡௣௥௘௙
௜
 ( 4 ) 
With: Ep,heat,m Monthly primary energy consumption for heating 
 fp Conversion factor for primary energy per energy 
  source 
 Qheat,final,sec i,m,pref Monthly final energy consumption by preferential  
heating device per energy sector i 
 Qheat,final,sec i,m,npref Monthly final energy consumption by non-preferential  
heating device per energy sector i 
2.3. Building typology geometry 
As mentioned in the previous paragraph, construction details can influence the K-level by means of the total length 
of the construction joint. Therefore, it was important to make a correct estimation of the length of each typical 
construction joint in the archetypal Belgian buildings. From the reported surface areas in the TABULA-report, as well 
as the reported number of storeys from the TABULA Webtool [22], the dimensions of the building were calculated. 
To achieve a proper conversion from surface to lengths, some assumptions had to be made. Th ese assumptions were: 
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x All houses have a rectangular ground plan; 
x The number of storeys in a building is equal to the number of storeys reported, plus one for the attic floor; 
x Every house has a cellar, accounting for the floor surface adjacent to an unheated indoor space; 
x All buildings have a gable roof covering the entire building; 
x All houses have an unheated area in the top part of the attic. The ceiling that connects to this roof is 
considered as roof surface bordering an unheated indoor space; 
x The attic floor is included in the gross floor surface reported, the cellar floor is not ; 
x There can be vides or stairwells in the house, as well as unheated spaces counted in the gross floor surface ; 
x All buildings have a one-storey unheated indoor space adjacent to a free corner. Terraced houses don’t 
have a free corner and therefore have an unheated indoor space adjacent to the rear façade; 
x Door lintels and posts are have the same construction as window lintels and posts. 
The lengths of all typical construction joints are represented in Table 1. Joint lengths remain more or less the same 
across time periods for each housing configuration. They also generally decrease from detached (D) to semi-detached 
(SD) and from semi-detached to terraced (T). It is noticable that the length of the door sill (DS) is the same for all 
time periods. This can be explained by the door area which has remained the same for all periods in the original data 
set, probably due to an assumption in the original TABULA-data. It should also be noted that the façade-floor joint 
length is lower for the detached buildings than the other housing configurations. This is due to the fact that the detached 
buildings reportedly have one reported storey, while the other configurations have two. 
 Table 1: Construction joint lengths [m] 
 pre 46  46-70  71-90  91-05 
 D SD T  D SD T  D SD T  D SD T 
FG 7 7 8  5 6 7  4 6 8  4 9 9 
FC 55 39 27  55 36 28  58 39 24  55 35 23 
WP 50 40 34  50 40 34  49 41 31  52 43 33 
WS 28 21 17  28 21 16  28 22 15  30 23 15 
WL 31 23 19  31 24 19  30 24 17  32 25 18 
DS 2 2 2  2 2 2  2 2 2  2 2 2 
RE 51 34 21  50 30 20  51 34 18  47 30 17 
RV 9 10 12  8 10 12  8 8 11  10 13 15 
FF 62 93 71  60 84 70  62 90 64  59 87 64 
3. Construction detail selection 
3.1. Definition of thermal bridge typologies 
The construction joint typology was developed using textbooks used in secondary and higher technical education, 
published in the period for which they were consulted (e.g. 46-70 typology was based on books published between 
1946 and 1970). The textbook were on engineering and architecture, but also more on practical topics such as carpentry 
For the pre 46 period, 11 textbooks by 6 different authors were used [23]–[33]. For the second period (46-70) a 
total of 6 books by 4 different authors were consulted [34]–[39]. The typology for the 71-90 period was constructed 
by using a total of 6 books from 5 different authors [40]–[46], and one technical instruction for Stichting Bouwresearch 
(SBR) [47]. For the final period (91-05), the typology was entirely based on 9 technical instructions from the BBRI  
[48]–[56]. In total, 592 relevant reference pictures were collected. Some of these books were written and published in 
the Netherlands, but the information was assumed to be relevant for the Belgian construction practice. 
For the definition of the typology, the construction joint  typology was established by averaging the relevant 
collected pictures per time period. The final typology is represented in Fig. 2. Please note that the drawings only 
represent what was simulated, resulting in no glass are roof finishing being drawn. 
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Fig. 2: Construction joint typology 
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3.2. Retrofitting solutions 
In this section, all refurbishment measures for planar envelope sections and construction joints of the archetypal 
buildings are discussed.  
The retrofitting strategy for each envelope section was the same for each time period, to make sure the results were 
comparable between all housing configurations  and time periods. The strategies selected for the planar envelope 
sections are all common techniques. For the walls, the chosen strategy was external wall insulation. For original cavity 
walls, the outer cavity leaf was removed, as well as any thermal insulation present. The existing wall or inner cavity 
leaf was then covered with 14 cm rigid thermal insulation, to comply with the demands on energetic renovations in 
Flanders. The external finishing of the insulation is not taken into account, so the wall could be finished in all manner 
of ways. For the renovation of the roof, a wooden frame was installed between the underpurlins. Insulation was placed 
in the frame and between the rafters . This results in a total insulation thickness of 22 cm. The floor is insulated with  
10 cm rigid insulation. This means that the floor level rises by 11 cm in the 91-05 period. In all other periods, the 
sabulous clay and soil under the original floor finishing is removed, a new concrete floor plate is cast into place, and 
insulation, screed and finishing are placed on top, in such a way that the original floor level is retained. Doors and 
windows are replaced in accordance with the new building regulations. 
Only one retrofitting strategy was developed and applied to each construction joint. The strategy was applied to 
the respective construction joints in each time period. The refurbished construction joint typologies of the 46-70 time 
period are shown in Fig. 3. 
 
Fig. 3: Refurbished construction joints 46-70 
In the construction details, the thermal bridges were broken by connecting insulation layers. The rafters needed to 
be elongated to make this connection in the RE-joint. Part of the gable wall was also removed to assure connection 
between insulation layers. In the FF-joint, a part of the floor beams was removed.   
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For the windows, the window frame was surrounded by a 2 cm thick layer of rigid insulation, with the frame fixed  
to the wall with steel brackets. The door sill was completely replaced in the refurbishments, connecting insulation 
layers with a thermal block. The new stone sill rests on a steel bracket on the concrete floor plate. In the façade-ground 
floor (FG) and façade–cellar (FC) details, connecting the insulation layers  was not possible. The choice was made to 
elongate the insulation of the wall under the ground level, as to make the path of least resistance for the heat flow 
longer than 1 meter. This method is accepted within the Flemish EPBD-method. 
3.3. Calculation of linear thermal transmittance 
The linear thermal transmittance (\) of all construction joints was calculated according to NBN EN ISO 
10221:2007 [19] using the THERM 7.3 software [18]. The thermal conductivity coefficients of the materials used 
were mostly taken from the Flemish “Transmissiereferentiedocument” (Transmission reference document) [57]. The 
thermal conductivity coefficients are summarized in Table 2. 
Table 2: Thermal conductivity coefficients for interior (left column) and exterior (right column) of 
used materials 
 OUi 
(W/mK) 
OUe 
(W/mK) 
  OUi 
(W/mK) 
OUe 
(W/mK) 
Brick 0,46 0,91  Stucco 0,52 N/A 
Cinder block N/A 0,45  Drywall 0,24 N/A 
Mortar 0,93 1,5  Light wood 0,13 0,18 
Stone 2,91 3,5  Heavy wood 0,18 0,2 
Concrete 1,7 2,2  Underlayment N/A 0,5 
Screed 1,7 N/A  Rigid insulation* 0,06 N/A 
Sabulous clay 1,7 N/A  Soft insulation * 0,06 N/A 
Ceramic tiles 0,81 N/A  Soil 2 N/A 
* non-refurbished       
During renovation, all insulation materials were replaced and supplemented with PIR (polyisocyanurate)-
insulation. The conductivity coefficient for PIR in [57] (0,045 W/mK) is not representative for the products on the 
market, which have a reported value of 0,022-0,026 W/mK. Therefore, a value of OUi = 0,025 W/mK was chosen to 
represent the product. 
The walls of the pre 46 and 46-70 period, as well as the outer cavity leaf of the other periods are assumed to be  
constructed out of 18 x 5 cm bricks with a 1,5 cm mortar joint. The inner cavity leaves of the last two periods were 
constructed out of 29 x 14 cm cinder blocks with a 1,5 cm mortar joint. 
The wall cavity had a width of 5 cm in the 46-70 period, and 3 cm in the later periods. The cavities were assumed 
to be semi-ventilated with an opening of 700 mm²/m. This way, the total thermal transmittance (U) of both walls was 
in accordance with the values in the TABULA-report [8]. U-values for doors and windows before refurbishment were 
taken from [8] for each time period. After refurbishment, the U-values for doors and windows were assumed to be 
equal to the maximum value according to Flemish regulations for newly constructed buildings in 2016 [58]. 
4. Global energy performance 
4.1. Thermal insulation level 
The K-level for the original, non-refurbished situation, was compared to the refurbished situation with non-
refurbished construction joints  (N-RJ), and the refurbished situation with refurbished joints (RJ). The results are 
represented in Fig. 4. The black line represents the maximum K-level according to Flemish regulations. 
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Fig. 4: K-level before and after refurbishment, with and without refurbished joints 
The difference in K-level between the refurbished situations with and without refurbished joints  is on average 
4,0±1,0 (±StDv) points. Notice that K-level increases form the pre 46 period to the 46-70 period. This is due to the 
fact that the massive walls in the pre 46 period are thicker and have better insulating properties than the uninsulated 
cavity walls in the 46-70 period. A Wilcoxon signed rank test [55 p.186-189] performed per time period showed that 
the difference between both refurbishments is  not significant. Therefore, from a K-level point of view, there is no 
evidence that it is reasonable to refurbish all nine of the investigated construction joints. 
To evaluate if there are joints whose refurbishment have a significant influence on K-level, the joints were divided 
into 4 subsets. The subsets were developed from refurbishments that are likely to be carried out at the same time. 
x Window joints: Window sill (WS), posts (WP) & lintel (WL), and door sill (DS); 
x Wall base joints: Façade – ground floor (FG) and façade – cellar (FC) joints; 
x Roof joints: Roof eaves (RE) and roof verge (RV) joints  
x Intermediate floor: façade – storey floor (FF) joint 
Multiple simulations were performed next, each with one subset of joints refurbished. The impact each 
refurbishment had on K-level was analyzed. For evaluation of the impact of joint length, all joint lengths were 
summated per subset. 
The graph in Fig. 5 presents the K-level improvement of each construction joint subset. For each subset, there were 
3 data entries, one for each housing configuration (detached, semi-detached, terraced). Due to the fact that the original 
façade-intermediate floor (FF) joints are already quite well insulated, the improvement in thermal transmittance 
coefficient is small, resulting in no K-level improvement in all periods. For this reason, it isn’t included  in Fig. 5. 
Not that the window joint refurbishment has a larger impact than other joint refurbishments. For the pre46 period, 
the impact is the largest with an average of 4,0±0,0 K-level points. Another large impact can be seen from 
refurbishment of the wall base in the 46-70 period, which is on average 2,7±0,6 K-level points. Roof and intermediate 
floor refurbishments have only a small impact. Independent Samples Kruskal-Wallis test [55 p. 157-164] showed that 
there is indeed a significant difference in K-level improvement in the pre46, 46-70 and 91-05 periods. In the 71-90 
period, no joint subset refurbishment was significantly different from the others. 
A linear regression analysis [55 p.190-208] was performed to evaluate the link between joint length and K-level 
improvement per time period. No such link was found, indicating that all improvements of K-levels originate from 
improvements in linear thermal transmittance coefficients of the joints. 
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Fig. 5: K-level difference per construction joint subset refurbishment 
4.2. Net energy demand 
An analysis of the net energy demand was also performed. The results of this analysis were very similar to the 
results of the K-level analysis. 
The NED in the RJ situation was 71.9±8.0 kWh/(m²·yr), coming form 210,0±63,5 kWh/(m²·yr) in the original 
situation. There was an average difference of 5,8±0,9 kWh/(m²·yr) between the NED reduction from the original to 
the refurbished with non-refurbished joints on the one side, and the NED reduction from the original to the refurbished 
with refurbished joints on the other side, which was proven not to be significant. 
The subset simulations explained in paragraph 4.1 were repeated and noted and compared the net energy demands 
resulting from each energy simulation. Again, a much larger impact of the window joint refurbishment compared to 
other joint refurbishments could be seen. The only exception was once again the wall base refurbishment in the 46-70 
period. The differences were shown to be significant for all time periods. 
Again, no link between improvement in net energy demand and length of the joint was found.  
5. Conclusion and research perspectives  
Although refurbishment of construction joints provided a drop in K-level of 4 points on average, and a drop in 
NED of almost 6 kWh/(m²·yr) on average, this difference was not statistically significant. 
Based on K-level and NED, refurbishment of window joints had a significantly larger influence than other joint 
refurbishments, especially in the pre46, 46-70 and 91-05 periods. Refurbishment of wall base joints proved to have a 
larger influence than other refurbishments in the 46-70 period. 
This last conclusion indicates that a reduction in K-level and NED stem from a reduction in linear transmission 
coefficient of the joints. This contradicts what seems to be logical, namely that refurbishing construction joints which  
have a greater length also has a greater impact on thermal insulation and building energy consumption.  
A remark that must be made is that it might be possible to draw more statistically significant conclusions when 
using the raw building data. The typological approach namely reduces the sample size from almost 11000 real 
buildings to 12 archetypal buildings. Unfortunately, the raw building data was not accessible for this research.  
168   Stijn Van Craenendonck et al. /  Energy Procedia  96 ( 2016 )  158 – 169 
It should also be noted that the construction joint typology is  based on literature review. Further investigation on 
whether the construction methods found in literature correspond to genuinely constructed joints  is going on. 
The results in this paper concern the influence of construction joints on energy demand and t hermal insulation in 
buildings. Further research is needed on the influence these joints have on comfort and mold, as well as the cost of 
refurbishment of these joints. When these subjects are known, an effective cost -benefit analysis can be conducted. 
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